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ABSTRACT 

This paper deals with a Luenberger observer for a class of 

Takagi Sugeno (TS) descriptor systems. This kind of systems 

represents many fields as chemical, robotics and electrical 

systems. An approach with Recursive Least square method is 

used to study the design of the observer for the Takagi Sugeno 

descriptor system. An example for non linear descriptor 

system is given to illustrate the effectiveness of the proposed 

approach. 
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1. INTRODUCTION 
To describe dynamic behavior of real process non-linear 

models are widely used in different domain of engineers and 

scientists. As long as it is difficult to model this kind of 

system, Takagi Sugeno fuzzy model has proven to be a 

powerful tool in the analysis and synthesis for control, 

observer and diagnosis. The TS approach is a powerful 

technique to model non-linear systems which allows obtaining 

a good compromise between the precision and the complexity 

of the model. The interests to use this structure is already well 

known, most of the available tools of analysis for the linear 

systems can be extended in the analysis of the non-linear 

systems, such as observers' synthesis[1], [2], [3], [4]. 

 Since both TS and descriptor formalism are attractive in the 

field of modeling, a wider class of TS fuzzy systems is 

described by the descriptor form. In fact, descriptor systems 

have a tighter representation for a wider class of systems in 

comparison to traditional state-space models. Descriptor 

systems represent a more general frame work for non linear 

systems. A descriptor model is an appropriate model for better 

describing physical systems than regular ones in many 

applications. It is well known that descriptor systems (also 

known as singular systems, implicit systems differential-

algebraic systems, generalized state-space systems) can 

describe the dynamics of many practical systems such as 

electrical circuits, economic systems and chemical systems.  

Most research dealt with measurable premises variables (input 

and output) for the observer design [5], [6], [7], [8], [9]. 

 In this brief, we will discuss observer design for TS 

descriptor system using an approach which used Recursive 

Least square method.  This paper is organized as follows. 

After the system descriptions and definition are presented in 

section 2, design of Luenberger observer is given in section 3. 

Section 4 presents an example to illustrate the effectiveness of 

the proposed method.Concluding remarks finish this paper. 

2. DESCRIPTION OF THE SYSTEM 
 Let us begin by defining the class of the studied systems. A 

non linear descriptor system is defined, in the continuous case 

by: 
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Where   ntx  ,   qtu  and   mty  represent 

respectively the state ,the input and the output vectors;
 

     , n nA x t E x t  ,    n mB x t  and  

   q nC x t  are non linear matrices functions. For 

simplicity, we should always consider that   E x t    is 

regular for each   ntx  . 

Then the descriptor TS system is given as: 

   
      

1 1

( ) ( ) ( )

( ) ( )

l r

k k i i i

k i

v t E x t t A x t B u t

y t Cx t

  

 

 



           (2)     

Where   represent the premise variable;
   i t   and 

  kv t represent respectively the right and the left 

activating function; l and r  is respectively the right and the 

left number of fuzzy rules;
 kE , iA iB  , and C  are constant 

matrices. 
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  i t  has also the same characteristic as   kv t  and it 

satisfies: 
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2.1 The sector Non Linearity Method 
In order to illustrate the modeling of the descriptor system by 

the sector non linearity method we will study an example. The 

system dynamics is given by the set of differential and 

algebraic equations. It describes a kind of descriptor system 

with constant matrix Ek =cte. The system represents a rolling 

disk which rolls on surface without slipping .The disk is 

related to a fixed wall with a non linear spring and a linear 

damper .The spring has a positive coefficient k. The positive 

parameter b represents the damping coefficient of the damper. 

The radius of the disk, its inertia and its mass are given 

respectively by r, J and m. 

The state vector of this model is given by:  

x1(t): The position of the center of this disc 

x2(t): The translational velocity of the same point. 

x3(t): The angular velocity of the disc. 

x4(t): The contact force between the disc and the surface. 
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Lemma 1: 

Each nonlinear bounded function  f x   can be rewritten as a 

convex sum of two nonlinear functions [10]:   

     

     

min max

min max

, ,   ,x b a f x f f

f x x f x f 

   

                                             (6) 

With          0,1 , 0,1x x   and      1x x    .
  

By using this lemma every non linear term can be simplified 

and linearized by sector non linearity method. 
 

2.2 Identification by Recursive Least 

Square Method 
The difference between this method and the first is the choice 

of the activating functions. Ever non linearity will be 

quantified by fuzzy sets. The descriptor TS model is 

determinate by the modeling of the non linear term. It is 

assumed that the premise variable belongs to a well defined 

interval. Then the different locals’ sub-system will be 

obtained by the recursive least square method [11]. 

3. DESIGN OF OBSERVER 
For the design of the observer the second method is used. 

Using the general TS descriptor form (2), it is possible to 

suppose a TS descriptor observer based on this form: 
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  Where  ˆ ntx   and 
iL  represent respectively the estimate 

state vector and the observer gain matrices. 

The fuzzy modeling of system is useful for the design of 

observer. Indeed, the observer was modeled on the basis of 

local observers of local linear systems. For the choice of the 

gain Li we will use the formula of Bass and Guerra .Then, the 

observability for descriptor multi-models requires that all the 

subsystems are observable. 

E must be a basis of the n-dimensional vector space: 

E
rank n

C
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Each local model of the descriptor TS system has to be 

observable:  

  1,..., .
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4. ILLUSTRATIVE EXAMPLE 
We define a non linear descriptor system defined as:   

 
1 2

2 1 2 1 1

1.5

2 0.5 sin 0.5

x x

x x x x x u




                           (10)

 

By supposing that  1  - 2 + 2x     therefore it will be 

quantified by fuzzy sets, (see Figure 1).  
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Fig 1: Activating functions 
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Fig 2: x1 (t) of the model and x1 (t) estimated 
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Fig 3: x2 (t) of the model and x2 (t) estimated 
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For computing of gains Li the desired performances are 

characterized by a double pole witch equal to (-2). 

The answer of the observer is very close to that of the model. 

(Figure 2 and Figure3). 

5. CONCLUSION 
The design of Luenberger observer was studied in this paper. 

The considered systems are modeled in the Takagi Sugeno 

descriptor structure. A further research should look at the non 

linearity in the left side of the system. 
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